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INVESTIGATION OF SPACE SHUTTLE ORBITER
SUBSONIC STABILITY AND CONTROL CHARACTERISTICS
IN THE NAAL LOW SPEED WIND TUNNEL (OA62B)

By Robert Mennell and Terrance Hughes

Rockwell International Space Division
ABSTRACT

Experimental serodynamic investigations were couducted on ¢ sting-
mounted C.OL05-scale representation (model 43-0) of the 140A/B Space
Shuttle Orbiter in the Rockwell International T7.75- by 1ll-Foot Low Speed
Wind Tunnel during the time period from 14 November 1973 to 6 December
1973. The NASA designation for this test period was OA62B.

The primary test objectives were to establish basic longitudinal
stability characteristics in and out of ground effect as well as lateral-
directional stability characteristics in free air.

Two dual podded nacelle configurations (ABPS) were also tested, one
with three dual podded nacelles on the lower wing surface at fuselage
station 950. This configuration was tested in and out of ground effect.
The other ABPS configuration included a single dual nacelle on the lower
centerline and another dual nacelle pylon mounted above each wing. The
overwing nacelle/pylon was toed in 5 degrees toward the model centerline
and the nacelle was rotated T degrees nose down. This configuration was
tested in ground effect only.

Stabllity and control characteristics were investigated at nominal
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elevon deflections of 0°, 5%, 10°, 15°, -5°, -10°, -15°, -20°, -30° and

-40°; rudder defiections of 0°, ~T7.96° and -16.22°; aileron deflections of

0°, +5°, +10°, +15° and -5° used in coi;junction with elevon deflections of
0°, +5°%, +10°, -5°, -10° and -15°; rudder flare angles of 0°, 25°, L0°,
55° and 85°; and body flap deflections of 0°, -11.7°, +16.3° and +22.5°.
The effects of various elevon and elevon/fuselage gaps on longitu-
dinal stability and control were also investigated. Additional configa-
rations tested included Reynolds number effect, boundary layer transition
grit on «ad off, elliptical wing leading edge on the 45° swept portion

of the wing, cargo bay door gaps and hinges, OMS pod gaps, vertical tail

gaps and flow visualization.

Pressure bugs were used to detemine pressures on the vertical tail

at spanwise stations of n = 0.1228, 0.500 and 0.878 and chordwise stations

of x/¢ = 0.05, 0.15, 0.25, 0.45, 0.55, 0.65, 0.75, and 0.90. These were

installed at 0° and 25° rudder flare angles. An additional survey was

made at 0° flare angle and OMS pods off. Rudder hingeline radii of 2.09

and 4.94 inches -were investigated along with a 6.12-inch radius contour

on the rudder. Addition inputs to lateral-directional stability which

were tested included a straight leading edge on the vertical tail and re-
contouring of the vertical tail airfoil section to a biconvex section.
Aerodynamic force and moment data were measured in the stability axis
system by an int.rnally mounted, six-component strain gage balance (MK IX,
The model was stingemounted with the center of rotation

2.5-inch diameter).

located at the trailing edge of the wing. The nominal angle of attack (a)
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range was from -4° to +30°. Yaw polars were recorded over a sideslip angle
() range of -10° to +10° at fixed angles of attack of 0°, 5°, 10°, 15°
and 20°.

This report is published in two volumes. Volume I contains Data
Figures 4 through 71. Volume II contains Data Figures T2 through 128 and

the Tabulated Source Data.
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INDEX OF DATA FIGURES (Concluded)

SCHEDULE OF COEFFICIFENTS PLOTTED:

(A)

(B)

(c)

()

(E)

(F)

(G)

(H)

(1)
(7)

CL, CN, CAF, CAB, CDF, CLM, XCP/L, LF/DF versus ALPHA
CL versus CIM

CL versus CDF

DCL, DCDF, DCLM, DCA, DCN versus DELVON

CL, CN, CAF, CAB, CDF, CIM, XCP/L, LF/DF versus ALPHA
CL versus CILM o

CL versus CDF

DCL, DCDF, DCIM versus H/BW

CY, CYN, CBL versus BETA
CYNBET, CBLBET, CYBETA versus ALFPHA

CY, CYN, CBL versus ALPHA
DCY, DCYN, DCBL, DCA, DCN versus AILRON

CL, CDF, CIM versus ALPHA
DCL, DCDF, DCIM, DCA, DCN versus BDFLAP

CL, CDF, CIM versus ALPHA

DCL, DCDF, DCIM, DCA, DCN versus SPDBRK
CY, CYN, CBL versus ALPHA

DCY, DCYN, DCBL versus SPDBRK

CL, CDF, CIM, CY, CYN, CBL versus ALPHA
DCY, DCYN, DCBL, DCA, DCN versus RUDDER

CY, CYN, CBL versus BETA

DCL, DCDF, DCLM, DCA versus DELVON
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¥ i NOMENCLATURE (Continued)
; Body-Axis System
4 SADSAC |
' SYMBOL SYMBOL DEFINITION
-3
Oy CN normal-force coefficient; @‘Lls_fﬂcf_
q
Cp CA axial-force coefficient; md.n_lsfo&
- q
Cy cY side-force coefficient; %1’2‘.92
Q
Cayp CAB base-force coefficient; E*m;‘__QLcs
q
-Ap(Pp - Po)/a8 '
CAf CAF forebody axial force coefficient, C; - cAb
Cp CIM pitching-moment coefficient; Ritching moment
a5lrer
Cn cm yaving-moment coefficient; miﬂs_:ﬂﬁ
. ‘ q
cy CBL rolling-moment coefficient; r°111“§b“°me“
q
Stebility-Axis System c
CL cL 1ift coefficient; .%*:
Cp Cb drag coefficient; drag
Qs
T ODD CDB base-drag coefficient; b2ose drag §
qQS L
‘ - Y
f CDr CDF forebody drag coefficient; Cp - CDb Y
| s
: Cy cY - side-force coefficient; ?.“eq% Tk
Can CIM pitching-moment coefficient; pPitching moment
aSLREF :
Cn CLN yewing-moment coefficient; awinq Smoment i
¢ CsL rolling-moment coefficient; roll:; noment -
L/D 1/p 11ft-to-dreg ratio; Cp/Cp
{ W) Lg/Dg LF/DF forebody 1lift-to-drag ratio C]_‘f /°Df %
15
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SADSAC
SYMBOL SYMBOL
a
Cp CP
M MACH
q Q(NSM)
Q(PsF)
RN/L RN/L
v
a ALPHA
B BETA
v PSI
¢ PHI
P
Av |
b EREF
Cufe
Jrer IREF
¢
s SREF
m .
XMRP
YMRP
Z2MRP
SUBSCRIPTS

gctw o

NOMENCLATURE
General

DEFINITION

speed of sound; m/sec, ft/sec
pressure coefficient; (p - pw)/q
Mach number; V/e

pressure; N/m°, psf

dynemic pressure; 1/2pV°, N/m2, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/sec '
angle of attack, degrec¢s

angle of sideslip, degrees
angle of yaw, degrees

angle of roll, degrees

mess density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base area; m?, ft2
wing spasn or reference span; m, ft
center of gravity

reference length or wing mean
aerodynemic chord; m, ft

ving area or reference ares; m?, £t2
moment referen&e point

moment reference point on X axis
noment reference point on Y axis

moment reference point on Z axis

base

local

gtatic conditions
total conditions
free streem

16
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i NOMENCLATURE (Continued)
Additions To Standard Nomerclature

Plot
Symbol Symhol Desc-iption
ABPS air breathing propulsion system
ABC balance cavity ares, ft2

balance cavity axial-force coefficient

Cage

nacelle internal duct drag axial~force coefficient
correction

;Q

model weight tare axial-force coefficient correction

.J’Q

l c nacelle internal duct drag pitching-moment coefficient
N correction
Z Cm balance measured pitching-moment coefficient
u
Flare SPDBRK speed brake deflection angle, degrees
h/b, H/BW distance betwecn wing trailing edge and ground
plane, fraction of wing span
PBC balance cavity pressure, rsia
6& AILRON alleron deflection angle, degrees
4 8a ELEVON elevon deflection angle, degrees
Ge ELEV-lL left elevon deflection angle, degrees
L
6e ELEV-R right elevon deflection angle, degrees
R
6? BDFLAP hody flap deflection angle, degrees
GR RUDDER rudder deflection angle, degrees
i 17
i




Symboa
XCP/%

ACp
ACDF
ACy,
Ay
ACy
ACy

ACy

Plot
Symbol

NOMENCLATURE (Concluded)

Description

XCP/L

DCA

DCDF

DCL

DCLM

DCN

DCBL

DCY

DCYN

CYBETA

CYNBET

CBLEBET

longitudinal center of pressure lucation;
fraction of body length.

incremental axial force coefficient, algebraic
difference of two rums.

incremental forebody drag coefficient, algebraic
difference of two runs

incremental 1ift coefficient, algebraic
difference of two runms,

incremental pitching moment coefficient, algebraic
difference of two rums,

incremental normal force coefficient, algebraic
difference of two runs,

incremental rolling moment coefficient, algebraic
difference of two runs.,

incremental side force coefficient, algebraic
difference of two runs.

incremental yawing moment coefficient, algebraic
difference of two runs,

derivative of side force coefficient with respect
to beta (beta = +5°); per degree, body axis system.

derivative of yawing moment coefficient with respect
to beta (beta = +5°); per degree, body axis system.

derivative of rolling moment coefficient witn respect
to beta (beta = +5°); per degree, body axis system.

18
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CONFIGURATIONS INVESTIGATED

The mcdel used for this test period wes an 0.0405-scale representation
of the Rockwell International 140A/B Space Shuttle Orbiter. The basic
model is of the blended wing-body design utilizing & double delta wing
(75°/h5°AL.E.)’ full span elevons (u.swept hingeline), a centerline verti-
cal tail with rudder and/ or speed Lvake capability, a canopy, and an
orbital manuevering system (OMS). To test the orbiter in the ferry mission
configuration, the OMS pods are removed and air breathing engines are lo-
cated in verious number/location combinations on the wing and fuselage.

During the air breathing propulsion system (ABPS) testing, the left
hand engine pod was instrumented with an § tube static pressure and 17
tube total pressure rake located at each engine face station. This pressure
instrumentation was used to determine engine pressure recovery and to check
on the repestability of nacelle inlet assembly.

TFor this test period the following nomenclature was used to designate

the various model components:

Component Description

Byg -140A/B fuselage

352 Byg with simulated cargo bay door geps added
BS3 352 with simulated cargo bay door hinges added
Cg -140A/B canowy

G15 Main and nose landing gear plus duors

19
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Wyo0

-140A/B orbital manueveri: 3 sys@em (oMs)
M7 with simulaéed gap

~140A/B Orbiter body flap

-140A/B Double delta wing (75°/h5°AL.E')

W . g with elliptical lower surface L.E. on Lyo
sweep portion of wing

-140A/B Solid elevon used on wing W16

Elevon with midspan and elevon/fuselage baseline
"Grumman" gap

Elevons with various combinations of midspan and
elevon/fuselage gaps. See Model Dimensional Data

Air Breathing Propulsion System (ABPS) consisting
of three underwing pylon mouuted dual podded nacelles
located at Fuselage SGiation 950

Air Breathing Propulsion 3ystem (ABPS) consisting
of & single centerline lower wing surface dual
nacelle (FS 950) and a pylon-mounted dusl nacelle
above each wing (FS 1050)

-140A/B vertical tail

VB with vertical tail/rudder thermal expansion

gap open

Vertical tail used with rudder hingeline modification
By

Vertical tail used with rudder hingeline modification
Rg

Vertical tail used with rudder hingeline modification

Ry

Vertical tail used with rudder R,. wodification

10
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Same as V4 except L.E. of vertical tail is extended
forward at the vertical/fuselage intersection

Same as V, except contour forward of the rudder
hingeline "is modified to & biconvex section

~-140A/B rudder used on veriical tail V8

Same as R5 except for 2.09 inch radins at rudder
hingeline

Same as RS except for 4.94 inch radius at rudder
hirgeline ’

Same as R5 except for 6.12 inch radius from rudder
hingeline“to rudder TE

Same as R, except the 6.12 inch radius is on the
entire vegtical aft of the rudder hingeline

Transition grit composed of glass beads located af*
of all swept surfaces and model nose

Same as Xé except also added to ABPS nacelles

21
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TEST FACILITY DESCRIPTON

The North American Aercdynamics Laboratory (NAAL) 7.75- by ll-Foot
Wind Tunnel is a continous flow, closed circuit, single return type tunnel
capable of speeds up to 200 miles per hour. The test section is vented to
atmospheric pressure and is T.T75 x 11 feet wide by 12 feet in length.
Power is supplied by a 1250 horsepower nacelle-mounted synchronous motor
driving a 19 foot, seven blede, laminated birch propeller. The airspeed
is controlled by varying the degree of coupling between the motor and pro-
peller by means of a magnetic clutch. A damping screen and honeycomb sec-
tion in the settling chamber upstream from the contraction cone (ratio
7.53 to 1) minimizes turbulence in the test section. The NAAL Wind Tunnel
has been in operation since June 1943 and calibrations are available over
a wide range of test conditionms.

Tests may be condpcted using a variety of mounting systems; e.g., a
single strut, double strut, sting strut, reflection plane, cable suspension,
and two dimensional wall. Aerodynamic data may be measured by a planar
tyre external balance system or sting mounted internal balances. An Astro-
data Automatic Data Acquisition System is used to collect, multiplex,
digitize, and record 50 channels of force and/or pressure data on magnetic
tape. This data is then rapidly reduced and plotted using automatic data .

processing equipment and an sutomatic digital plotter.

22
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{1; DATA R=DUCTION

Tte aerodynamic force and moment data presented were meesured by the

Task Corporation 2,5-inch MK IX strain gage balance. The data have been

| CRTITRTIIR PN T By SRRV ROy
|

corrected for model base and balance chamber pressure effects, nacelle
E internal drag, model blockage influence on tunnel dynamic pressure, wall ;
A interference effects, sting and balance deflections, ard model weight tare.

The corrections made to axial fcrce were accomplished in the following

manner.

Gl Lig e i)

c, =C, ~-C

ap T AT Cag, T Cay T Oy T g

b where

P, -PF
c, =- (-2 °)(:“’C>

ABC 1 W . f

Ay = 1 S, B = 1/s (PBl ...+ PB5) »

C, = nacelle internal drag correction

Ay

3 . . C, = model axial force weight tare

Ay

T

3 CONFIG. o

; Ay §
o Jh3 ' .0024€8 - i
J62 .002449

The correction made to pitching moment to-account for the nacelle - -

internal drag was as follows:

e | e " """""'"”‘“T’"“ nm— |



where:

Cm = uncorrected pitching moment

u

C. = nacelle internal drag correction

CONFIG.

Iu3

Jeo

c

mN

0.00069

0.00012

The following reference dimensions were used for reducing all aero-

dynamic date to coefficient form:

Symhal

ZMRP

‘c’w(LREF)

bw(BREF)

Definition

Area of base (OMS on), £t2

Area of base (OMS off), ft°
Area of balance cavity, ft2
2

Area of wing, ft

Center of gravity, fus., sta., in
Center of gravity, waterplane, in

Length of orbiter body, in
Wing MAC, in

Wing span, in

2L

Value
0.594

0.4ko
0.0985
h.h2

43.5974
15.1875
22.257

19.230

37.936
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TABLE I.
. [ !
TEST ¢ 0AG2B NAAL T17 [DATE ¢ 12 e 13
TEST CONDITIONS
NOMINAL REYNOLDS NUMBER '
JJOMINAL rHoL DYNAMIC PRESSURE  STAGNATION TEMPERATURE
per unit length) , (degrees Fahrenheit)
0.12 0.83 x 1061f‘t 20 pst 80>120°F
0.16 1.18 x LOZLft 40 psf 80*120°F
0.20 1,42 x 106/ﬁ: 60 psf 80120°F
0.23 1.65 x 10 /i 80 pst 80>120°F
0.26 1.85 x 108/pt 100 pef 80+120°F

BALANCE UTILIZED: __tTgsk 2,9-iach MK IX Internal Strain Gsge

COMMENTS:

NF
SF
AF
PM
RM
™

CAPACITY:

—d200 1hg
{50 1bs

—200 lhs

3000 in=1bs
4000 in-1bs

ACCUKACY:

COEFFICIENT
TOLERANCE:

il
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TABLE III. - MODEL DIMENSIONAL DATA

MODEL COMPONENT : _EQIV - Bag
GENERAL DESCRIPTION : _orbiter fuselage confizuration 140 A/B

. —MODEL, SCALE: 0.0b405

DRAWING NUMBER * V1702000193, VL70-00Q1404

DIMENSIONS : FULL SCALE  MODEL SCALE

Length (Body nose @ X,=236.)-In. —1290.30. _  _52.297
1520 In.) - In. ___262.00 _ 10.611
1464 In.) - In. __250.00 10.125

Max Width (X5

Max Depth (X,

Fineness Ratio ‘ — b h,g25

Area - Ft.2
Max. Cross-Sectionol —340.88 Q.229 ..,
Planform
Wetted
Base —
438 l
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TABLE III. = MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :_BODY - Boo
GENERAL DESCRIPTION : __Orbiter fuselage configuration 140 A/B with -

cimulated cargo bay door gaps and thermal expansion joints. All gaps

arc 1.50" deep (full scale); all longitudinal gaps are 0.500" wide

(full scale); lateral gaps vary in width from 0.500 to 2.830" (Full scale).

MODEL SCALE: 0.0k05
DRAWING NUMBER an

DIMENSIONS : FULL SCALE  MODEL SCALE .

Length ,Body nose @ X, =238.0)-In...1290.30 —22:227
Max Width(X, = 1520 In.) - In. —262.00 . 10010 __

Max Depth (X, = 1464 In.) - In. 250.00 10.125
Fineness Ratio S— 5 4.925
Area - Ft2 .

Max. Cross—Sectional —3u0. 88 0.559

Planforra ‘

Wetted

Base

L9 —
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TABLE III. - MODEL DIMENSIONAL DATA - Continued. )
MODEL COMPONENT : __BODX - B, ,
GENERAL DESCRIPTION : _Qrhiter fuselage configuration 140 A/R with o
simulated cargo bay door hinges along waterplane Z. - 420.00( sill
longeron). ‘
MODEL, SCALE: 0Q.0405
* DRAWING NUMBER : __YL70-000193, VLT0-0001408
DIMENSIONS : FULL SCALE  MODEL SCALE
Length (Zudy nose @ X,=238) - In._1290.30 92.251
Max Width (%, = 1520 In.) - In. 262.00. 10.611
Mox Depth (X, = 1464 In.) - In. __250.00 _ 10.125
Fineness Ratio -— .q28 L.925
Areq - Ft2
’ Max. Cross—Sectional 30,88 Q.59
Planform
Wetted
Base
LONGITUDINAL LOCATION OF HINGES (FUS.STA.): .
FULL SCALE MODEL SCALE FULL _SCALE MDIEL SCALE
. X, 602.50 | 24.h01 X, 1033.k0 41.853
669.80 27.127 . 1100.45 A, 568
137-0 29.861 1144 .20 46.3h0 . (“)
783.55 31.734 1204 .20 .70 . W
850.60 34.4h9 1264. 51.200
917.65 37.165 1293.00 52.367 -
966.35 39.137
50
v v ) 1.
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MODEL COMPONENT : CANOPY - Cg

TABLE III. - MODEL DIMENSIONAL DATA ~ Continued.

GENERAL DESCRIPTION . _Orbiter canopy Configuration used on BODY

B

MODEL SCALE: 0.0405

DRAWING NUMBER © __VLI0-000140A, VLT0-000L43A

DIMENSIONS . FULL SCALE

MODEL SCALE

9,53

Length (X, = 434.64 670.00)-In. —235.36
Max Width (X, = 513.13) - In. 152.41

6.173

Max Depth (xo = 485.00 - In. 25.00

1.013

Fineness Ratio

Area

Max. Cross~Sectional

Planform

Wetted

() | 51
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TABLE IIJ. - MODEL DIMENSIONAL DATA ~ Continued.

MODEL COMPONENF: ELEVON - Eng

GENERAL DESCRIPTION: orpiter elevon configuration used on WING Wiiga .
____DOES NWOT HAVE ELEVON GAPS.

DRAWING NUMBER:

MODEL SCALE: 0.0405

DIMENSIONS :

Area - Ft8
Span (equivalent) - In.
Inb'd equivalent chord - In.

‘Outb'd equivalent chord - In. -

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Normal to hinge line)-rt3

A}

(DATA FOR 1 OF 2 SIDES)

52

VL70-000400, VL70-0001LOB

FULL-SCALE MODEL SCALE
223.58 0.3
368.34 14.918
119.62 4.845

55.19 2.235

0.210 0.210

0.400 _0.400
—0:000 8:000
- 10.056 ~ 10.056

0.000 0.000
851.15 0.057
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TABLE III. MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: _ELEVON - Eog

GENERAL DESCRIPTION: _Elevon configuration used with WING - W3¢, has a

- Area Moment (Normal to hinge line) - 7¢3 851.15

Lk L

-~
O

53~

———nidspan gap and an elevop-fuselage gap. Taese two gaps are referred
. _ to as bagselipe Grumman gaps, configuration 1l-A.
| ' MODEL SCALE: 0.0405
DRAWING NUMBER:
. _DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE
e - Sz o
Span (equivalent) - In. 368. 34 14.918
| inb'd equivalent chord - In. : 119.62 L.845
\_Outb'ld equivalent chord- In. : 55.19 2.235
-Ratio movable surface chord/
‘total surface chord ,
At Inb'd equiv. chord 0.210 - 0.210
At Outb'd equiv. chord 0.400 0.400
Sweep Back Angleé. degrees
MLeading Edge 3 , 0.000 - _0.000
Trailing Edge - 10.056 - 0.056 ‘
Hingeline o 0.000 0.000 )

0.057

o KSR A ik, it




MODEL COMPONENT:

TABLE III. - MODEIL, DIMENSIONAL DATA - Continued.

ELEVON - Eog

GENERAL DESCRIPTION:

——mnidspan gap and an alternate #l elevon/fuse

1-B.

Elevon configuration used with WING - w116 bas a

e gap, configuration

———MODEL SCALE: 0.010S

DRAWING NUMBER:

DIMENSIONS:

Area

2

- Ft

(DATA FOR 1 OF 2-SIDES):

Span {equivalent) - In.

Inb'd equivalent chord - In.

Outb'd equivalent chord- In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord
At Outb'd equiv. chord

Sweep Back Angles, degrees

Hingeline
Area Moment (Normal to hinge line)-r¢.3

)

Leading Edge
Trailing Edge

54

FULL-SCALE

—223.58
368. 34
119.62

55.19

0.210

MODEL SCALE

<X
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

L MODEL COMPONENT: _ ELEVON - Eqp

GENERAL DESCRIPTION: Elevon configuration used with WING, Wy;4, has a
R mid-span gap and an alternate ﬁ elevon.[mselagg gap. These two

gaps are referred to as baseline Grumman gaps, configuration 1-C.

MODEL SCALE: 0.0405

DRAWING NUMBER:

DIMENSIONS: (DATA FOR 1 OF 2 SIDES) : FULL-SCALE MODEL SCALE
Area - Ft? 223.58 0.367
Span (equivalent) - In. 368.34 14.918
Inb'd equivalent chord - In. 119.62 L.845
Outb'd equivalent chord - 1In. 55.19 2.235

Ratio movable surface chord/
total surface chord

r
Y
-+
B
3
b
N
N
y
¢
=

At Inb'd equiv. chord 0.210 " 0.210
At Outb'd equiv. chord 0.40o 0.400
Sweep Back Angles, degrees
- Leading Edge __0.000__ __0.000
Trailing Edge - 10.02'6 - 10.056
Hingeline 0.000 0.000
Area Moment (Normal to hinge Hne)-rt3 851.15 0.057 i

\}
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TABLE III. - MODEL DIMENSIONAL DATA _ Continued.

MODEL COMPONENT: ELEVON - E3)

GENERAL DESCRIPTION: _ Elevon configuration used with WING, W,.., ias an

___alternate # midspan elevon gap, configuration 2A. (Baseline Grumman
——gap, confizuration 24).

—MODEL SCALE: 0.0405

DRAWING NUMBER:

DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE
 Area - £t2 - 223.58 0.367
Span (equivalent) - In. 368.. 14.918
Inb'd equivalent chord - In. - - 119.62 4.845
Outb'd equivalent chord - In. 55.19 2.235

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.210 0.210
At Outb'd equiv. chord 0.400 0e400
- Sweep Back Angles, degrees

Leading Edge 0.000 0.000
Trailing Edge ‘ =10.056 =.10.0%6
Hingeline 0.000 0.000
Area Moment (Normal to hinge line). £t _851.15 .0.057
. )
56 -
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: ELEYON - Fgp
GENERAL DESCRIPTION: Zlevon configuration used with WING. W

- AL SRD LRSS -

gaps are referred to as baseline Grumman gaps, Configuration 2B,

MODEL SCALE: 0.0405

DRAWING NUMBER:

N

5T

DIMENSIONS:  (pawa for 1 OF 2 SIDES): FULL-SCALE MODEL _SCALE
Area - 112 223.58 0.367
Span (equivalent) - In. _368.34 1918
Inb'¢ equivalent chord - In. 119.62 L. 8ks
OQutb'd equivalent chord - In. 55.19 2,235
Ratio movable surface chord/

total surface chord
At Inb'd equiv. chord 0.21Q 0.210
At Outb'd equiv. chord 0.400 d.400
Sweep Back Angles, dggrees |
Leading Edge ' > 0.000 0.000
Trailing Edge - 10.056 = 10.056
Hingeline _0.000 0.000
Area Monent. (Normal to hinge line)-£t” 85115 0.057
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TABLE III, - MODEL DIMENSIONAL DATA . Continued.

MODEL COMPONENT :

ELEVON - E33

GENERAL DESCRIPTION:

alternate S elevo

Grumman gap, configuration 2B.

se t

W

has an

tion 2B. This is baseline

MODEL SCALE: 0.0405

DRAWING NUMBER:

DIMENSIONS:  (DATA FOR 1 OF 2 SIDES)

Area _ §¢.2

Span (equivalent)- In.

Inb'd equivalent chord - In.
Outb'd equivalent chord - In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord

At Outb'd equiv. chord
Sweep Back Angles, degrees

Leading Edge

Trailing Edge

Hingeline

Area Moment (Normal to hinge line) -rt3 851.15

Y

58

FULL-SCALE

—223.58
368. 34
119.62

—2:10

0.210
0.400

0.000
-10.056

0.000

MODEL_SCALE

—Qu367
N .
L.845
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TABLE III. ~ MODEL DIMENSIONAL DATA - Continued.

}

N e

MODEL COMPONENT:  ELEVON - Eg) :

s

GENERAL DESCRIPTION: Elevon configuration used with WING, W,y¢, has an

alternate #2 midspan elevon gap. This gap is referred to as baseline

RGBS B SRS RN B gl
2w . ot = ¥.2F T - L s

Grumman gap, Configuration 3A.

MODEL SCALE: 0.0L05

DRAWING NUMBER:

» DIMENSIONS: (DATA FOR 1 OF 2 SIDES) FULL-SCALE MODEL SCALE
Area - f£t° 223.58 0.367 §
Span (equivalent) - In. 368.34 14.918 5
Inb'd equivalent chord - In. 119.62 L.845 ,
E Outb'd equivalent chord- In. 55.19 2.235 { :

Ratio movable surface chord/
total surface chord

AT

At Inb'd equiv. chord 0.210 0.210 : ;
At Outb'd equiv. chord 0.400 0.400 :

Sweep Back Angles, degrees g 1

Leading Edge ___0.000 __0.000
Trailing Fdge - 10.056 -10.056 :
Hingeline 0.00 0.00
Area Moment (Normal to hinge ]1ne)-ft3 85L.15 ‘ 0.057 .
59




TABLE III. - MODEL DIMENSIONAL DATL -~ Continued.
MODEL COMPONENT: ELEVON - Esg '

GENERAL DESCRIPTION:

Elevon configuration used with WING, W;;¢, has an

alternate #l elevon/fuselage gap. These two gaps are referred to
as_baseline Grumman gaps, Configuration 3B. .

MODEL SC4LE; 0.04O5

DRAWING NUMBER:

DIMENSIONS: (DATA FOR 1 OF 2 SIDES)

Area - fta

Span (equivalent) - 1n.

Inb'd equivalent chord In.

Outb'd equivalent chord - In.

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord
At Outb'd equiv. chord

1

Sweep Back Angles, degrees
Leading Edge
Trailing Edge

Hingeline

Area Moment (Normal to hinge 1ine) 13

AY

60

FUL!.-SCALE

223.58
368.34
119.62

i

l

0.000

-10.056

0.00
851.15

MODEL SCALE

0.367
14.918
4.845
2.235

0.210
0.400

_0.000

-10.056

0.00
0.057

(1
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: _ ELEVON - E3¢

GENERAL DESCRIPTION: _mlevon configuration used with WING. Waa has
alternate #2 elevon[fuse;age gap. These gaps are referred to as

baseline Grumman gaps, configuration 3C.
MODEL SCALE; 0.0L0S

DRAWING NUMBER:

‘DIMENSIONS: (DATA FOR 1 OF 2 3IDES) FULL-SCALE MODEL SCALE
. ’ ' i
Area  £t2 223,58 . __0.367
Span (equivalent) - In. 368,34 14,918
Inb'd equivalent chord In. 119.62 2.235
Outb'd equivalent chord - In. 25,19 — L235

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord 0.210 0.210

At Outb'd equiv. chord 0.400 abog
Sweep Back Angles, degrees

Leading Edge 0.000 0.000 .

Trailing Edge - 10.056 -_10,058

Hingeline 0.0 0.0
Area Moment (Normal to hinge line) -r+3 _gs1.5 0.057

61
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :__ BODY FLAP - Fg

GENERAL DESCRIPTION . ___Orbiter body flap configuration used on

BODY - Bxg.

——MODFL, SCALE. . 0.0L0S5
5.

DRAW:NG NUMBER ® VLIQ-000140B. VL70-000400

DIMENSIONS

l.ength - In.
Max Width - In.
Max Depth - In.
Fineness Ratio
Area . @2

Max. Cross~Sectionol

Plenfora

Wetted

62

FULL SCALE

MODEL SCALE
—20t 00 3.842
2023 0623
23.00 0.932
—38.85 Q.20
il 0,069
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

[ COMPONENT MODEL: LANDING GEAR - G15

GENERAL DESCRIPTION: Main and nose landiag gear dours and assemblies.

e POE R T TR Ry
A

MODEL SCALE: 0.0k05

DRAWING NUMBER: VL70-000L404/SS-A00149

4 DIMENSIONS: FULL SCALE MODEL SCALE
E NOSE GEAR:
No. vheels ' 2 2
Wheel axis:
Fuselage Station 3552& gm% 15.177
Waterline .15 971
; Pivot axis: -
— Fuseiage Station _366.458 15.208
Waterline 298.000 12 063
3 Strut Diameter - In. __1.12 .
4 ' Wheel diameter - In. 32,000 1.2%
4 Wheel Width - In. 8.790 O.g
{ Wheel centerline-to-centerline width-Ii. 22.000 0.691
Side Door:
E .
1 Height (follows body contour) - Ia. 18.518 0.75
4 Leading Bige locetion, F.S. 271605 11.0
; Trailing Edge location, F.S. 381.926 12.533
1 MAIN GEAR: .
No. of wheels 2 2
1 W el axis:
Fuselage Station - b 2ht 1.792
Waterline 175.4k32 7-105
Pivot Axis
Fuselage Station 11.80.000 47.790
Vaterline 283.012 11.462
] Maiu Strut Diameter - In. 9,259 0.375
- Wheel Diameter - In. 44,198 1.79
Wheel Width - In. 16.049 0.6§
Wheel centerline-to-centerline width-In. 36.000 1.45
Side Door:
Iﬁngth - In- 1‘*801!"8 6-%
Width - In. 61.728 2.50

63




TABLE III., - MODEL DIMENSIONAL DATA _ continued.

MODEL, COMPONENT: AIR BREATHING PROPULSION SYSTEM - Ji3

GENERAL DESCRIPTION: Six underwing engines installed in three nacelle

pods. Iniet has short cowl, 7° cowl lip angle , short flow diverter, and

T° diverter lip angle. Baseline engine position @ F.S. 950.

MODEL SCALE: 0.0405
DRAWING NO.: SS-A00139, SS-A01159
FULL SCALE MODEL SCALE

DIMENSION (EACH NACELLE):

Length - In. ' 209.51 8.485
Max. Width - In. 66.00 2.673
Max. Depth - In. 66.00 2.673
Max. Pylon Width, In. 19.75 0.800
Area - in.a
Max. Cross-Sectional 2737.30 L.490
Capture 1000.92 '3.118
Wetted
Base
#Nacelle Sta. 0.0 @ WING PODS ¢, PODS
’ Outboard Inboard Left Right
Model Sta. - In. —38.475 38.475 38475 - 38.%75
Waterplane - In. 9.665 9.655 9.310 9.310
Buttock Plane - In. +11.583 + 8.910 - 1.337 + 1.337
Incidence Angle - Deg. 3.933 3.933 3.933 3.933
Nacelle Clearance 0.608 0.608 0.1k 0.142
Toe-In Angle 5.000 5.000 0.0 0.0

#All numbers in model scale

64
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL, COMPONENT: AIR BREATHING PROPULSION SYSTEM - Jgp

GENERAL DESCRIPTION: _Six engines installed in three necelle pods, one

centerline underwing, two overwing.

Inlet has short cowl, '{0 lip angle,

short flow diverter, and 'Io diverter lip angle. Baseliane engine position

@ F.S. 950 centerline and 1050 wing pods.

MODEL SCALE: 0.0405
DRAWING NUMBER: SS-00139, SS-A01159
DIMENSIONS (EACH NACELLE)

FULL SCALE MODEL SCALE

Length - In. 209.51 8.485
Max. Width - In. 66.00 2.6’(3
Max. Depth - In. 66.00 2.673
Max. Pylon Width - In. 19.75 0.800
AREA - £t°
Max. Cross-Sectional 2737.30 4.490
Capture 11900.92 3.118
WING POD& CENTERLINE POD
#NACELLE STA. 0.0 @ Outb'ad Inb'd Left Right
Model Sta. - In. 42.525 12.525 3B.47S 38.&75
Waterplane - In. 15.180 15.180 9.310 9.310
Buttock rlane - In. + 11.583 +8.910 - 1.337 +1.337
Incidence Angle - Deg. - 7.000 - 7.000 3.933 3.933
Nacelle Clearance - In. 1.215 1.215 0.142 0.142
Toe-Ir Angle - Deg. 5.000 5.000 0.0 0.0
#A1)l numbers in model scale.
6

B B TR PR W EPTEIOTReR e . B RSN i W e et

- -y e i e v m e

(e 28, R

YT

i el e ratRobed



TABLE III. - MODEL DIMENSIONAL DATA _ Continued.

MODEL COMPONENT : ORBITAL MANEUVERING SYSTEM PODS - M7

GENERAL DESCRIPTION : OMS Pods used on BODY - Bog

MODEL SCALE: 0.0405

DRAWING NUMBER * _VL70-0003404, VL70-000145

DIMENSIONS - ‘ FULL SCALE MODEL SCALE
Length (Fwd Sta. @ X,= 1233.00) In.__ 327.00 13.244
Max Width (xo = 1450.00) - In. 94 .50 3.827
Max Depth (xc> = 1493.00) - In. 109.00 L.41s5

Fineness Ratio

Area

Max. Cross-Sectional

Planform

Wetted

66
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{ TABLE III. - MODEL DIMENSIONAL DATA - continued.

MODEL COMPONENT :_ORBITAL MANEUVERING SYSTEM PODS - Mg
GENERAL DESCRIPTION : _Configuration 3A with thermal expansion joipt

&ap, 2.930" wide and 1.50" deep (full scale).

MODEL SCALE: 0.0l05

DRAWING NUMBER * _vI70-0001L04, VI70-000145

DIMENSIONS FULL SCALE  MODEL SCALE

Length (OMS Fwd Sta. Xy=1233.0) In.327.000 __13.24%4

Mox Width * (@X, = 1450.0) - In. 9l . 500 3.827
Max Depth (@ X = 1493.0) - In. _mg_.mg_ 4Lk

Fineness Ratio

Area

Max. Cross—~Sectional

Planform

Wetted

Base

67
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MODEL COMPONENT:

GENERAL DESCRIPTION:

TARLE III, -~ MODEL DIMENSIONAL DATA - Continued.

RUDDER - Re

Orbiter rudder used on Vertical Tail, Va,

68

See.
Figure 2 (Cont'd).
—MODEL SCALE: _0.0L05
DRAHING NUMBER: V170000095, SS- 400088
DIMENSIONS : FULL-SCALE MODEL_SCALE
Area - rt2 10638 07U
Span (equivalent) - in. 201.00 8,141
Inb'd equivalent chord - In. 9l.59 3.709
Outb'd equivalent chord - In. 50,83 2.059
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord Q.00 0400
At Outb'd equiv. chord 0.k00 000
Sweep Back Angles, degrees
Leading Edge _34.830 w830
Trailing Edge —26.250 26250
Hingeline —3.030 34830
Area Moment (Normal to hinge line) r¢3 _526.13 0.035

)
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TABLE III. - MCDEL DIMENSIONAL DATA - Continued.
RUDDER - R,

Afea
!

MODEL COMPONENT:

GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Vg, with a

O

|

2

M

3 2.09 inch leading edge radius (at the rudder hingeline). %

| é

3 MODEL SCALE: 0.0405 §

B 3
i 4
% DRAWING NUMBER: —_VL70-000095, 3S-A00088 %
V E DIMENSIONS : FULL-SCALE MODEL SCALE %
F Area - £t2 106,38 0.174 ;
; Span (equivalent) . 1. 201.00 8,14 ,
Inb'd equivalent chord _ 1. _gl.s9 3700 %

Outb'd equivalent chord - In. _%.83 _2.059 §

1 Ratio movable surface chord/ §

: total surface chord 3

z At Inb'd equiv. chord __0.ko0 _0.hoo §

; At Outb'd equiv. chord _0.400__ _o0.oo §

. Sweep Back Angles, degrees %

',, Leading Edge _34.8% .80 %

i Tailing Edge 26.250 20.250 ‘:

F Hingeline S48 34.8% ;
Area Moment (Normal to hinge Vine) -ft3 526,13 -0.035 §

i

4

1
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TABLE III. - MODEI, DIMENSIONAL DATA -~ Continued.

MODEL COMPQNENT: RUDDER - Rg

GENERAL DESCRIPTION: Orbiter rudder used on Vertical Tail, Vg, with a

4.94 inch radius at the leading edge radius (at the rudder hingeline).

—_MODEL _SCALE: _0.0Q4035
DRAWING NUMBER: VL70-000095, SS-A00088
DIMENSIONS: FULL-SCALE MODEL SCALE
Area  ft° 106.38 0.17k |
Span (equivalent) - In. 201.00 8.1l
Inb'd equivalent chord In. 91.59 3.709 -
Outb'd equivalent chord - In. 50.83 2.059
Ratio movable surface chord/
total surface chord
At Inb'd equiv. chord 0.400 Q.400
At Outb'd equiv. chord Q.400 Q.400
Sweep Back Angles, degrees
Leading Edge _34.830__ _3s.83%
Trailing Edge 26.2%0 26.250
Hingelire 34.83 34.83
Area Moment (Normal to hinge line) ft3 526.13 0.035
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MODEL COMPONENT:

GENERAL DESCRIPTION:

RUDDER - Rg

TABLE III. - MODEL DIMENSIONAL DATA _ Continued.

Orbiter rudder used on Vertical Tyil, Y8, with a

6.12" radius contour aft of rudder hingeline to the trailing edge.

MODEL SCALE:

0.0k05

DRAWING NUMBER:

DIMENSIONS :

Area

VL704000095,— SS-A00088

Span (equivalent) - 1n.

Inb'd equivalent chord -

Outb'd equivalent chord

Ratio movable surface chord/

total surface chord

Sweep Back Angles, degrees

Area Moment (Normal to hinge line) -ft3

At Inb'd equiv. chord
At Outb'd equiv. chord

Leading Edge
Trailing Edge

Hingeline

»

Tl

FULL-SCALE

34.83
26.25%0
34.83

MODEL SCALE
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TABLE III. - MODEL DIMENSIONAL DATA - Continued.

RUDDER - R,,

MODEL COMPQNENT:

GENERAL DESCRIPTION: _Orbiter rudder used on Vertical Tail, Vg,

with a

6.12-inch radius contour extending from the root to the tip chord of

the vertical tail aft of the rudder hingeline. -

MODEL SCALE: 0.0405

DRAWING NUMBER: VLT0-000095, SS-A00088

DIMENSIONS : FULL-SCALE
Area - £t° —106.38
Span (equivalent) - pn. 201.00
Inb'd equivalent chord - 1. 91.59
Outb'd equivalent chord - In. 50.83 "
Ratio movable surface chord/

total surface chord
At Inb'd equiv. chord 0.400
At Outb'd equiv. chord 0.400
Sweep Back Angles, degrees
Leading Edge __34.83
Trailing Edge 26.250
Hingeline 34.83

Area Moment (Normal to hinge line) -3 526.13
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MODEL SCALE
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MODEL. COMPONENT:_VERTICAL « \8

TABLE III. - MODEL DIMENSIONAL DATA - Continued.

GENERAL DESCRIPTION:
--—-.Mt‘y'

terline vertic

\y*

MODEL SCALE: 0.0405 N

Cre e var s e e »wmwed' hadniaidd

DRAWING NUMBER:
DIMENS IONS :
TOTAL DATA

Area (Theo) - FtZ
Planform

Span (Theo) - In

Asject Ratio

Rate of Taper

Taper Ratio

Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line

Chords: - In.
Root (Theo) WP
Tip (Theo) WP
MAC

Fus. Sta, of .25 MAC
W, P, of .25 MAC
B, L. of .25 MAC
Airfoil Section
Leading Wedge Angle - Deg
] Trailing Wedge Angle - Deg
1 Leading Edge Radius - 4 Chord
E Void Area

Blanketed Area

73

-YL7Q-0001404, VL7Q-Q00146A, SS-A00088

FULL-SCALE MODEL SCALE
3L8.22 12.787
1. .A75 1 A7Z5
0.507 2507
—~Q.h0L ~Quloh
~45.000 Jasamma....
~41.130 VI e T
268.90 A2.878
108.47 ~4a393
i —
635.52 25.738
—2:000 20,000
~ALe920 k.20
1466 1488
—adle 0 o -/~ M.
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o TABLE III. -~ MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT: VERTICAL - Vg

GENERAL DESCRIPTION: _cepterlipe vertical tail with rudder and/or speed brake

—~———sabbilily snd sdibogroove along. the xudder hingeline,

emeaeMODEL SCALE: 0,003 :
DRAWING NUMBER: 1700001404, VI70=0001464, $S-A00088
DIMENS IONS ¢ FULL-SCALE MODEL SCALE
TOTAL DATA
Area (Theo) - FtZ |
Planform 413.25 Q.678
Span (Theo) -In 31572 12,787
Aspect R_?t'lo 1.675 1LA75
Rate of Taper
Taper Ratio 8 ﬁﬁ S ﬁi
Sweep Back Angles, degrees
Leading Edge 45.000 45,000
Trailing Edge 25.947 25,947
o rgs.ZS Element Line 41.130 41,139
ords:
Root (Theo) WP 268.50 10,874
Tip (Theo) WP 108,47 4,393
MAC 199.8] ~8.092 4
Fus. Sta. of .25 MAC 143,50 59272
W. P, of .25 MAC £35.52 25.738
B. L. of .25 MAC 0,00 0.00
Airfoil Section ' ‘
Leading Wedge Angle - Deg 10.000
Trailing Wedge Angle - Deg 1&. 20 , :
Leading Edge Radius 1.46 : "
Void Area 13.17 0,022 (

Blanketed Area

‘Yh
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TABLE III. - MODEL DIMENSIONAL DATA ~ Continued.

MODEL COMPONENT:_VERTICAL ~ Vi5

GENERAL DESCRIPTION: cepterlige vertical tadl with rudder and/or sgeed brake

capability with a

RUDDER - R~.

2.09 inch radius at iny i

mDEL ng H Q o QES___ i

DRAWING NUMBER: VLIQ-000140A, VL70-000146A, SS-400088
DIMENSIONS : FULL-SCALE
TOTAL DATA
Area .(‘Th$o) - el .
Planform E%E:E;:::
Span (Theo) - In k2.1
Aspect Ratio —teB75
Rate of Taper
Taper Ratio j_,??t
Sweep Back Aii("es, degrees
Leading Edge —lt5.000
Trailing Edge —a2a0lT
0.25 Element Line ~41.130
Chor%:t (Theo) WP 268.50
0 €0 :
Tip (Theo) WP ~108.L7
MAC ~192.81
Fus. Sta. of .25 M\C 463,50
W. P. of .25 MAC _R35.52
B, L. of .25 MAC —9090
Airfoil Section
Leading Wedge Angle - Deg ~Jo.goa
Trailing Wedge Angle ~Jh.gea
Leading Edge Radius ——lUAA
Void Area S - )/ A

Blanketed Area

MODEL SCALE
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e TABLE III. - MODEL DIMENSICONAL DATA - Continued.

MODEL COMPONENT: VERTICAL - V ..

GENERAL DESCRIPTION: Cepterlige vertical tall with rudder and/or speed prake
—aRaLILIky and 4,0k jpch radius st rudder hingeline. Ilsed with

e BUDDER - Be.

e MCREL SCALE: Q.0U0S

DRAING NUMBER: YLI0=0001L0A, VIZQ:00014CA, SS-AO0OES
DIMENSIONS : FULL-SCALE

TOTAL DATA

Area (Theo) . FtZ
Planform

Span (Theo) - In

Aspect Ratio

Rate of Taper

Taper Ratio ‘

Sweep Back Angles, degrees

Leading Edge

Trailing Edge

0.25 Element Line
Chords:

Root (Theo) WP

Tip (Theo) WP

MAC

Fus. Sta., of .25 MAC

W. P. of .25 MAC

B. L. of .25 MAC
Airfoil Section

Leading Wedge Angle . Deg
Trailing Wedge Angle - Deg

Leading Edge Radius
Void Area
Blanketed Area
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TABLE III. - MODEL DIMENSIONAL DAT4 - Continued.
MODEL COMPONENT: VERTICAL ~ Vi)

{]  GENERAL DESCRIPTION: Cepteriipe vertical tall v'uh rudder and/or speed brake
capapility ~ith $.12 inch radius contour on rudder aft of hingeline

- betveen W.1, 7.000 and Wl 15.350. Used yith RUDDER - Ry,

e MODEL SCiLE: Q.OMOS .
DRAWING NUMOER: VL]0-000140A, VLJO-000LU